ABSTRACT OBJECTIVES This study sought to determine the effect of contact force (CF) on atrial lesion size, quality, and transmurality by using a chronic porcine model of radiofrequency ablation.
Procedural safety profiles are also affected by CF. Risk of tamponade is directly related to applied CF, with a minimum force of 38 g being sufficient for perforation in ex vivo human atrial tissue (9) . In a study of porcine atrial ablation, application of RF energy reduced the perforating force by 23% (10) , and perforating forces were significantly lower through previously ablated tissue (11) .
Furthermore, CF itself is an independent predictor of steam pops and thrombus formation (6) . Ideal CF targets for atrial ablation must therefore balance both lesion effectiveness and safety of application.
In the present study, we explored the relationship between catheter myocardium CF in an in vivo chronic porcine atrial ablation model. The model was designed to replicate human atrial ablation and used standard clinical-grade ablation equipment throughout. By controlling for all ablation-related parameters, including catheter stability, the effect of CF on ablation lesion creation is determined in isolation. Immediately post-ablation, all animals were transferred for CMR imaging before being recovered from anesthesia and returned to the farm for 2 months.
Minipigs were used to ensure minimal growth during the recovery period. After 2 months, the animals were anesthetized according to the same protocol and underwent chronic CMR imaging followed by EAM.
Subsequently, a midline sternotomy was performed in all animals, and the hearts were removed en bloc and perfusion-fixed, ready for subsequent analysis. Williams et al. ). The inversion time was determined by using a preceding Look-Locker sequence to achieve optimal suppression of the atrial blood pool signal.
MACROSCOPIC AND MICROSCOPIC EXAMINATION. After the animals were killed, the hearts were explanted and suspended in cold normal saline. The aorta and main pulmonary artery were cannulated, and the pulmonary veins, IVC, and SVC were cross-clamped.
Retrograde perfusion fixation of the heart was per- Whole sections were digitized (10Â magnification) CF resulted in a significant increase in impedance (measured mid-chamber) from baseline, up to 25 g, with a plateau thereafter ( Figure 1C ). Overall, a significantly greater proportion of ablation lesions was delivered at maximum power output at regions of Williams et al. CARDIAC MAGNETIC RESONANCE. Consistent with our previous experience, no appreciable pre-ablation T2W or LGE enhancement was seen in any pig The ablation index quantifies the area of applied radiofrequency ablation that is converted into a low-voltage scar on bipolar voltage mapping. There was no significant difference between the ablation index at either acute or chronic time points.
HF ¼ high force; LF ¼ low force. Posterior right atrial wall thickness measured on T2-weighted (T2W) images was increased post-ablation (left, white arrows). T2W wall thickness was significantly greater for HF regions compared with LF regions for both caudal and cranial ablation zones (right). *p < 0.05. RA ¼ right atrium; RV ¼ right ventricle; other abbreviations as in Figure 2 .
of CF monitoring has been associated with improved procedural outcomes, regardless of the CF applied (15) , and low CF has been associated both with procedural failure (16) and with sites of pulmonary venous reconnection (17) . Despite these findings, use of CF-sensing technology does not universally lead to improved procedural outcomes (18) , raising the possibility that other confounding factors may at least partially explain the relationship between CF and outcome in clinical studies.
Examining lesion sizes created in the ex vivo studies further supports this argument. As shown in Based on these observations, the present study aimed to assess the size, quality, and transmurality of atrial ablation lesions created at low force (<10 g; mean 7.8 g) compared with lesions created at high force (>20 g; mean 22.6 g). We used a previously validated porcine right atrial ablation model representing an ablation site that is similar in morphology and thickness to the human left atrium (12) . The lowand high-force targets were selected based on previous research demonstrating consistent contact at 9.9 AE 8.6 g and tissue tenting at 25.0 AE 14.0 g of CF (21). Crucially, equal stability was ensured between low-and high-force regions by using the VisiTag module in the Carto 3 mapping system, and any effect of regional variation in tissue characteristics was 
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CONCLUSIONS
By using a combined EAM, imaging, and histological examination approach, we demonstrated equivalent chronic atrial ablation lesion formation at low and 
